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Table 1. Codes and pedigree of 20 studied wheat genotypes 

��"

Pedigree 

n��=�o
genotypes

��"

Pedigree

n��=�o  
genotypes 

Appolo/Hil 81A 11 )�(�
$Check (Shahryar  1 
Bkt/90-Zhong 87 12 )�(�
$Check( C-80-4  2 
TROCADERO 13 Mv17//Attila/Bcn  3 

GANSU-6 14 Mv17/Zrn4 
1-66-76/SubS 15 Jcam/Emus//DoveS/3/Alvd

/4/Mv17/Attila
5 

GhkS/BowS//Ning8201 16 ES14/SITTA//AGRI/NAC6 
Mv/7/3/Azd/VeeS//Seri82/R

sh/4/Azd/Vee#1//Attila 
17 Mv17/8/Gds/4/Anza/3/Pi/N

ar//Hys
7 

7C/CNO/CAL/3/YMH/4/VP 18 Bkt/90-Zhong 878 
CHAM4/TAM200//RSK/FK

G15 
19 Prl/90-Zhong 879 

CHATELET 20TORIK-1610 
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 ���R
 L+U �� b=��& '	� ��0 � '	�8  !��� �
 �=�
&/ �(�  /��Z '	� ����� �� ���U�� XR:� �� n��=�o L+�

=Z�� XY@ �Z5�.� ��=� ����.  
�E�!3+� '�/�� � ��9F�  

!�R( �=7�  �
 [��i ��3 /& ��(��&  L�� $�=

 f�K��� ��K� �� ���� ���VR�)**30/0( ���� ��%( !�� $

)**66/0 ( ��&=�� �)**66/0 (/	6& � ��g& /#,S�R(  ���
 /���.� �� ��� �K� �� �)**25/0- ( � /K	& /#,S�R(

/	6& ���� �=i� ��� .Rk� ��Z/  !����R( �
)Khodarahmi et al., 2006( �=* ���k � !����R( � 
)Habibpor et al., 2011 ( � ��g& /#,S�R( �=i�

/	6& ��&=�� � ���� ���VR� L�� �� ���  ����� �� ��
� �W���,+�� ����
 F��%� >�	� . �� /�+ ���� ��%( !��

/	6& b����� �=i� � �.� ���� ���VR� J<& ��%i�  L�� ���
 �
 �.� L+� ��	(� !��� ���� ���VR� �� ���� ��%( !��

���� !��
 �* �i=,& �� �=Z �%,	.=,@ �+�Z4 ����  ���
 �(
�.� ��
 ���� ���VR� '+�%@� z��� s+�7 L+� �� � . �=i�

 ��=� f�K��� � ���� ��%( !�� L�� /#,S�R()**53/0 (
 /,�=7� '	� M+��
 �� �	V��* >�Q�� ��R(� ��	(� !���

/& �
 �.�  �=7 �� �� �=Z �%,	.=,@ �+�Z4 �	��=�
���� �� �Q�. �� ����jl& �	(� [�9,�� �( . /#,S�R( �=i�

/& %�� f�K��� � ���� ���VR� L�� ��g& R( �� ���=�L� 
�
�� X�W� . !����R( � ���=
)Quarrie et al., 1999 (

����
 F��%����%,	.=,@�6���/(�V����:&$�=

�=� ��+�!�+�Z4�Q�.>�	��	V��*L�R&�.���
��6`� ��(uV,T&�	&�=.�
�� . L�� �`�k s�9:� ��

 �V�	. �� ���� ���6� � 8��&�,& �� �V�	. ���6� �� ���VR�
/	6& /#,S�R( /& {U�R,k� �
 ��� ��+� ���  X�W� �� ���=�

���:&!�
���� !�
�* /+���=� >�� � /+�G0 ��=& �(
/
�����=�R
[�kL+���=&)\5 (�
�� .X� Î���  >�9&

 !����R( �)Sadeg Ghol Mogadam et al., 2011 (
 '	� M+��
 �� ���� ���VR� � ���� ��%( !�� L��

/	6& � ��g& /#,S�R(  ���6� � ���� ���VR� L�� � ���
/	6& /#,S�R( >�� ����  a+�,� �� �
 ����
 F��%� ���
���� /��=TR( �`�k s�9:� .  

i�/	6& � /K	& /#,S�R( �=  �� ���� ���VR� L�� ���
 /���.� �� ��� ���6�)**33/0- ( ��R(� ��	(� !���

�.� XY@ ��<,�� '	� �� XR:� �� ����� >�Q�� . �� /�+
JS����&  L+����	� �.� ���@ JS����& /��Z �� XR:� ��(

/& s�9:� L+� �� n��=�o �
 �@�� �"�,� !�=�  ��(
�� X�W� �� ����� '	� L,@�� ��
 �� X�Q �
� ���� >�R

/& /,�=7�  ���+� >�Q�� �� ��S� ���U�� ���VR� �	��=�
�	
�� �,
��.  !����R( � !�Z)Khan et al., 2010 (

 $���VR� ��K� �� /���.� �� ��� �K� L�� ����
 F��%�
���� �=i� /K	& /#,S�R( ���� ���6� � �V�	. [=7 .

 !����R( � ��	��5)Abinasa et al., 2011 ( ���6� L��
 hZ�
 � ���� ���VR� ��K� � /���.� �� ��� �K�

����
 ��(��& /K	& /#,S�R( �
����.  
��/, ��9F� � #�% �� #�% .��-�%�  

 /�=�.��� �+%"� �� ���K,.� �� $��V� �+%"� �� X�Q
 �� �� ��jt� L+�,��� �
 ��K� �� r+ �( J<. >�� �� >��

�& $�	,
�� ���� ���VR��
 hT . !��� ��&5 �.�� a+�,�
 ���) [��i4 ( �� ��� � ���� ��%( !�� $��&=�� ��K� �


 � �,
�� ���� ���VR� �� �� ��jt� L+�,��� /���.�1/77 
 /�5 '	� M+��
 �� �� ���� ���VR� �����_� X
 �� ����
 L+� �� ��V� �+%"� � ����& /Q�� [�& �� � ���
 L����

�@�� >�"�� ��K� .+� �� /+�<	� �� ��&=�� �K� L�� L
65 %���=R� L���� �� ���� ���VR� �� �=i=& f=	� �� .

 ��� !���  ��V� �+%"� �� X��k a+�,�) [��i5(  �K�
/	6& � ��g& �j� L+��U�� ��&=��  � J�9,S& ���

 �� �� /���.� �� ��� � ���� ��%( !�� s+�7 �� J�9,S&��0
���� ���� ���VR� ��� .� L+����	� vp. '+�%@� �� ��&=�

 �� X�Q �� !5 ���Z4 � %,	.=,@ !�%�& '+�%@� � �	+%�.
 L�k �� ���i %,	.=,@ '+�%@� L�	yR( � /(�V�

���� !�
�*  �=7 �� ���� ��%( !�� '+�%@� �� �"	& �(
 J�9,S& ��0 ��=� �� s+�7 L+� �� � ��
 J�9,S&

/& '+�%@� �� ���� ���VR� �(� .��%( !�� �K� L�	yR( 
�� J( %�� ����   '+�%@� s+�7 �� J( � J�9,S& ��=�

 ��0 � J�9,S& �j� ���� ���VR� ��� �� �S��=� ��&=��
���G#� J�9,S& . �� ��� �K� �6W�p& ��=& ��K� L�� ��

/	6& � /K	& �j� L+��U�� /���.�  ��� �� J�9,S& ���
��� !��� ���� ���VR� . !=�.��� �W��6& �� �
 /��&�

&=�� �K� $�
 �,@�� �O� �� 8��� ��_,& !�=	� �� ��
 J�9,S& ��g& �j� ����� ���� ��%( !�� �K� �
 �Ok�&

)49/0 ( ��� �� /���.� �� ��� �K� � ��&=�� ��� ��
 /K	& J�9,S& �j� �=
G& �K�)14/0 - ( �
��) X�
1 .(

 !����R( � ��	�5)Abinasa et al., 2011( �  � �����Rk�
 !����R()Ahmadizadeh et al., 2011(9,S& �j� �� $ J�
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M+��
 �:� >�	� �� ���� ���VR� ��� ��&=�� ��g& � 
,
�� ��
t� /��Z '	��	.  !����R( � �%Rk)Hamze 

et al., 2008 ( '	� M+��
 �:� �
 ����
 F��%�
 �j� L+�,��� ���� ��%( !�� � ��&=�� �K� /��Z

 !��� ���� ���VR� ��� �� �� ��g& J�9,S&���� ���  �

�.� �`�k s�9:� a+�,� s��p&.  

'"�, �� ��9F� ��  
�+%"� ��6,& ��+�%& �� �i=� ��  ���_,& �	m ���&5 ��(

���� ��,Z�. s�R� N�� ����  �+%"� �� �`�k s�9:� �� �(
X&�� �� �
 ���K,.� �( . !�=R� ���5�� !�99:& �V0�

X&�� �� �+%"� �� ��K� �#+� ���R( �� ���� ���VR�  �(
� ����� ��
t)Selier and Stafford, 1985 .( �� L+����	�

 �� ��K� �#+� >�R~�� �� ���� ���VR� %�� �`�k s�9:�
X&�� �� �+%"� �@�� ���Q ���K,.� ��=& �( .>�U  ��

 ���9& �`�k s�9:� �� �
 �.� ���5��+KMO  �����7/5 
/	6& �V���� /,S+�K.� !=&�5 �  ����
 /@�
 �#���� �
 

 !�=� �+��9& �� �+%"� ���� ��W�� ��(��_,& /#,S�R(
X&�� & �(/ �
�� ) [��i6 .(��( ��+� L,@�� �O� �� ��   

  
  

  
  
  
  
  

  
Ô�%�  ���
 /+�.�	
 X&�� ��<m s�9:� L+� �� r+ �� ��

&�=� L+� �
 X8/72 ���� �����_� �� ����  L���� �� �(
����
 .�� uV,T& X&�=� �� ��K� Õ�Y,Z� L�	yR( 

9& ��.�X&�� 'Z�m >�"�� �� �6� /V&�� �+��` �+��  �(
 /V&�� �+��` �
 ����� L+� �� �@�� ��=�Ô�%� ��  ��

5/0 �+��` !�=	� �� �7=��& �&�� �� �O� }�� /	6&  ���
���
 �,@�� �O� �� . �� J"k L+�,��� �
 [�� X&��

���� �����_�  ��
 L���� �� �()56/27 ( �+��` �����
 � Ô�%� ���� ��g& !�� � ��&=�� $���� ���VR� ��K�

 �=� ���� ��%() [��i7 .( [�� X&�� ��.� �� '	+%� ���
 ��K� ��� �� �� ��jt� L+�,��� \�T,�� L+� ���#� ��=�
 �
�� �(�=Z U�� ���� ���VR� � ���� ��%( !�� $��&=�� ��
 �=� �(�=Z /+U�� ���VR� ����� ��+%��� ��( ��=� �

� �� '	+%� L+����	� �� ���� /V�� }�( X&�� L+� ��.
�.� . �
 >�� X&��28/18  ��
 L���� �� �����_� �� ����

 $/(�V� �� ��� ��K� ���� Ô�%� � ��g& �+��` �����
�=� r�+� [=7 � ��=� f�K��� . �K� L+� ��.� �� \�T,��

 ��+� /�+�� �
� � ��+� f�K��� �� /��(��� ��"+� �� �"	&
�=� �(�=Z .�� L�	yR( ���� Ô�%� �+��` ����� >=. X&

�
�� �V�	. �� ���� ���6� � �V�	. [=7 �K� �� .

 [��i4- >�� �� >�� !=�.��� Xk��&
Table 4. Step by step regression 

Added variable to 
model 

�� ��
 ���� ��_,&
[�& 1 2 3 

Intercept ���& �� Ö�� 1.99 0.006 11.26 
Biological yield r+o=W=�� ���VR� 0.34 0.26 0.25 

1000-Kernel weight ���� ��%( !��  0.06 0.06 

Days to maturity /���.� �� ���   -0.065 

 R2 h�T�� �+�` 65% 74/6% 77.1% 

 [��i5-  ���� ���VR� ��� ��K� J�9,S& ��0 � J�9,S& �j�!�=	� �� 8��� ��_,&
Table 5. Direct and indirect effects of traits on grain yield as dependent variable 

��K� 
Trait

��&=��  
Biological yield

������%( !��
1000-Kernel weight

/���.� �� ���
Days to maturity 

��&=��  
Biological yield 

0.60** 0.09 0.02 

���� ��%( !��
1000-Kernel weight 

0.3 0.36** 0.002 

/���.� �� ���  
Days to Maturity 

-0.07 -0.002 -0.16**

 �pQ ��� �������j5�pQ ×��Z ����� � J�9,S&��j5J�9,S& ��0�(�� �K����� ���VR� �	,S(.  



8                      !����R( � ��=R:& :n��=�o �� ��K� L�� M���� /��+��� XY@ ��<,�� /,�=7� '	� M+��
 �:� ���,S&� >�	� ��(�

n��=�o  [=7 ����� X&�� L+� ��.� �� ��
 '	+%� ��(
�=� �	(�=Z �,��� ���� ���6� � �	V� �V�	. .�=,
�@  �=
G&

X� ��  !����R( � ���*)Golparvar et al., 2003 ( ��
 �jl& X&�=� !�=	� �� >=. X&�� �V�	. ����=YZ ��

���=R� /@�6& . �+�<� �� ���� L+�,R
 �
 >��<m X&��
 ��g& �+��` ����� ��
 L���� �� ���� ���VR� �����_� ��
 �� �V�	. ���6� � /���.� �� ��� ��K� ���� Ô�%� �

/& �� X&�=� L+� �
 �=� 8��&�,&  �
� �� �jl& X&�=� !�=�
>�� /�+�� ��
 ���G� .��W� ��pTW�)Leilah and Al-

Khateeb, 2005 (��/.����j=& X&�=������VR�����
>�	��:�M+��
/��ZX&�� �.��/+�.�	
����


�
X&��[���j=&��� ���VR���%i�$���VR�X&��>��
�j=&��f�K�����=�X&�� �>=.��hZ�
�
�����j=&
�=� . !����R( � ������Z)Khodadadi et al., 2011 (

 �� f�K��� �K� >�	� �� /V�� ��( �KWl& �� �+%"� LR`
 $>�� X&�� �� �� 8��&�,& �� �V�	. ���6� $[�� X&�� ��

 X&�� �� �� /(�V� �� ��� � >=. X&�� �� �� �V�	. �� ����
����� ���Q >��<m .  

  
���% �F���  

 n��=�o �`�k s�9:� �� ���R
8  �� ��� ���6� X�W� ��
R� $J
 /���.� U�� ���� ���VR� {�,+�<� � r+o=W=�� ���V
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/	6& � ��g& �� � ���9& L���� L�	yR( � ���� ���VR� ��

 �� L,
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 [��i6 - XY@ �Z5 '	� M�:& �� �)+� �+��9& /6R"� ���� � �)+� �+��9& ���+��� $�)+� �+��9&  
Table 6. Eigen value, Proportional Variance and Cumulative pro. Variance under terminal water stress 

X&�� �(
Factors 

6R"� ���+��� ����/
Cumulative variance (%) 

�)+� �+��9&
Eigen values 

���+��� ����
Variance (%) 

Factor1 27.56 2.57 27.56 
Factor2 46.28 1.87 18.28 
Factor3 62.42 1.61 14.16 
Factor4 72.86 1.04 10.43 

 [��i7- X&�� �� �+%"� �� b=��& a+�,� �
�R+�� 'Z�m �� �6� �(  
Table 7. The results of factor analysis after varimax rotation  

 N��,
� !�%�&
Communality

/��Y,Z� ���+��� 
Specific variance

PC4 PC3 PC2 PC1 �K� Trait 

0.46 0.54 0.100.150.630.17  �� ���/(�V�Days to anthesis 
0.62 0.380.540.380.340.24/���.� �� ���Days to maturity 
0.750.25-0.03 0.210.740.40��=� f�K���  Plant height 
0.850.15 0.900.01-0.190.038��& �,& �� �V�	. ���6�  Spike/m2 
0.770.23 0.05 0.860.006-0.14�V�	. [=7  Spike length 
0.77 0.23 -0.15 0.860.01 0.09 �V�	. �� ���� ���6�  Grains/spike 
0.62 0.380.03 0.010.780.1 r�+� [=7  Awn length 
0.72 0.280.010.010.380.76���� ��%( !��  1000-Kernel weight 
0.780.22-0.05-0.1-0.06 0.87r+o=W=�� ���VR�  Biological yield 
0.890.110.030.07-0.020.94���� ���VR�Grain yield 
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Abstract 

To identify relationship among traits in winter wheat genotypes, 18 promising lines and two 
checks varieties were evaluated as randomized complete block design with 3 replications in two 
locations (Miyandoab and Hamedan) during 2006-2007 under terminal water stress conditions. Results 
showed that biomass had the greatest phenotypic variation coefficient. Grain yield had the positive 
significant correlation with biomass (0.66**), 1000 grain weight (0.66**) and plant height (0.30**).
Stepwise regression analysis showed that biomass, 1000 grain weight and days to maturity explained 
77.2% of the grain yield variation. Path analysis showed that biomass (0.60**) and 1000 grain weight 
(0.36**) had positive significant direct effects on grain yield, but days to maturity had negative 
significant direct effect (-0.16**) on grain yield. Factor analysis based on principal components 
identified four factors explaining about 72.8% of total variation among traits. Results from current 
research showed that biomass and 1000 grain weight can be suitable selection indices for increasing 
grain yield of the studied wheat genotypes under terminal water stress condition. 
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